Context: Direct selection based on crop yields is often a paradox in breeding programmes because yield is a complex polygenically inherited character, influenced by its component traits.
Introduction
Rice is the most important cereal food crop of India. It occupies about 23.3% of gross cropped area and contributes 43% of total food grain production and 46% of the total cereal production of the country. Among the rice growing countries in the world, India has the largest area under rice crop and ranks second in production next to China. Knowledge on the genetic architecture of genotypes is necessary to formulate efficient breeding methodology. The systematic breeding programme involves the steps like creating genetic variability practicing selection and utilization of selected genotypes to evolve promising varieties. Direct selection based on crop yields is often a paradox in breeding programmes because yield is a complex polygenically inherited character, influenced by its component traits.
Correlation coefficient analysis measures the mutual relationship between various plant characters and determines the component characters on which selection can be based for genetic improvement in yield. While selecting the suitable plant type, correlation studies would provide reliable information in nature, extent and the direction of the selection, especially when the breeder needs to combine high yield potentials with desirable agronomic traits and grain quality characters. A positive value of correlation shows that the changes of two variables are in the same direction, i.e., high value of one variable are associated with high values of other and vice-versa. When correlation is negative the movements are in opposite directions, i.e., high values of one variable are associated with low values of other. The breeder is always concerned for the selection of superior genotypes on the basis of phenotypic expression. However for the quantitative characters, genotypes are influenced by environment, thereby affecting the phenotypic expression. Information regarding the nature and extent of association of morphological characters would be helpful in developing suitable plant type, in addition to the improvement of yield a complex character for which, direct selection is not effective.
The better way of exploiting genetic correlation and path coefficient with several traits having high heritability is to construct a selection index that combines information on all the characters associated with the dependent variable. Efforts are to be taken with a systematic research approach to exploit the yield potential by direct and indirect selection. The use of correlation coefficient and path analysis is to establish the extent of association between yield and yield components and others characters and for fixing up the characters which are having decisive role in influencing the yield. Wide difference between genotypic and phenotypic correlations between two characters is due to dual nature of phenotypic correlation, which is determined by genotypic and environmental correlations and heritability of the characters (Falconer 1981) . The nature and extent of genetic variation governing the inheritance of characters and association will facilitate effective genetic improvement. Keeping in view the above perspectives, the present research work was taken up to assessing genetic variability, phenotypic and genotypic associations between various components of grain yield to provide basis for selection and yield improvement in rice.
Materials and Methods
A field experiment was carried out to study the extent of genetic variability, correlation and path coefficient in rice for yield and associated traits. Forty rice genotypes from diverse sources were evaluated in a randomized block design with three replications in 2 m 2 plot keeping 20×15 cm spacing at field experimentation centre of Allahabad Agricultural Institute-Deemed University, Allahabad during wet season of 2007 and 2008 two consecutive years. Standard agronomic practices compatible to this ago-ecological zone were adopted to ensure good crop growth. The observations were recorded on 10 randomly selected plants from each replication for various characters viz., days to 50 % flowering, plant height, number of tillers per hill, panicle length, number of panicles per hill, number of spikelets per panicle, flag leaf length, flag leaf width, grain yield per hill, biological yield per hill, harvest index and test weight. The mean performance of individual genotype over two years was pooled and employed for statistical analysis. Analysis of variance to test the significance for each character was carried out as per methodology advocated by Panse and Sukhatme (1967) . PCV and GCV were calculated by the formula given by Burton (1952) , heritability in broad sense (h 2 ) by Burton and De Vane (1953) , and genetic advance i.e. the expected genetic gain were calculated by using the procedure given by Johnson et al. (1955) . Correlation coefficient and path coefficient was worked out as method suggested by Al Jibouri et al. (1958) , Deway and Lu (1959) respectively. The estimated values were compared with table values of correlation coefficient to test the significance of correlation coefficient prescribed by Fisher and Yates (1967) .
Results
The mean sums of squares for the characters studied (Table 1) revealed that the mean sum of squares due to genotypes were significant for all the characters. This suggests that the genotypes selected were genetically variable and considerable amount of variability existed among them. The development of an effective plant breeding programme depends on the existence of genetic variability. The variability parameters obtained from the pooled data are presented in Table 2 . The data revealed that a wide range of genotypic (Vg) and phenotypic variance (Vp) was observed for all the characters. The higher magnitude of genotypic (GCV) and phenotypic coefficients of variation (PCV) was recorded for traits like seed yield per hill, harvest index, biological yield, number of spikelets per panicle, flag leaf length, number of tiller per hill, plant height. However, moderate estimates were observed for panicle length and test weight rest of the character showed low estimates of GCV and PCV. The studies on genotypic and phenotypic coefficient of variation indicated that the presence of high amount of variance and role of the environment on the expression of these traits. Table 2 ).
The estimates of correlation coefficients (Table 3) revealed that, in general, the genotypic and the phenotypic correlation coefficients showed similar trend but genotypic correlation coefficients were of higher in magnitude than the corresponding phenotypic correlation coefficients. As the correlation coefficient is in sufficient to explain true relationship for an effective manipulation of the character, path coefficient was worked out. Path coefficient at genotypic level (Table 4) 
Discussion
The variability among genotypes indicates ample scope for selection for different quantitative characters for rice improvement. These findings are in accordance with the findings of Das et al. (2005) , Singh et al. (2006) , Dutt et al. (2007) who also observed significant variability for yield and its components in rice. The magnitude of phenotypic coefficient of variation was higher than genotypic coefficient of variation for all the characters which may be due to higher degree of interaction of genotypes with the environment. Similar findings were also reported by Chaubey and Singh (1994) , Sharma and Richharia (1995) and Pandey et al. (2010) . The proportion of genetic variability which is transmitted from parents to offspring is reflected by heritability (Lush 1949) . High heritability alone is not enough to make sufficient improvement though selection in advance generation where accompanied by substantial amount of genetic advance. Similar results on heritability were also reported by Bhandarkar et al. (2002) , Patil et al. (2003) and Vivek et al. (2004) . Johnson et al. (1955) suggested that heritability and genetic advance when calculated together would prove more useful in predicting the resultant effect of selection on phenotypic expression. Based on this consideration high heritability coupled with high genetic advance as percentage of mean was registered for seed yield per hill, harvest index, number of spikelets per panicle, biological yield and flag leaf length, suggesting preponderance of additive gene action in the expression of these characters. Therefore, selection may be effective through these characters. High heritability associated with moderate genetic advance as percent of mean was observed for test weight and panicle length. Whereas, days to 50 % flowering recorded high heritability and low genetic advance as % of mean which revealed the non-additive gene action in the expression of these characters in their inheritance, hence in this case selection may not be effective. These findings were in agreement with the findings of earlier researcher Singh et al. (2002) , Mohammad et al. (2002) and Vaithiyalingan and Nadarajan (2006) .
Genotypic correlation coefficients were of higher in magnitude than the corresponding phenotypic correlation coefficients which might be due to masking or modifying effect of environment (Singh 1980) . These findings are corroborating the observations of Meenakshi et al. (1999) , Chaubey and Singh (1994) and Bhattacharyya et al. (2007) . Very close values of genotypic and phenotypic correlations were also observed between some character combinations, such as days to 50% flowering with flag leaf length and biological yield, harvest index with test weight and seed yield, plant height with number of spikelets per panicle and test weight, number of spikelets with biological yield, test weight with flag leaf length; which might be due to reduction in error (environmental) variance to minor proportions as reported by Dewey and Lu (1959) . Thus selection for higher yield on the basis of above characters would be reliable. Similar findings were also reported by Rao et al. (1997) , Prasad et al. (2001) , Surek and Beser (2003) and Yogamenakshi et al. (2004) .
A perusal of data revealed that biological yield showed negative significant direct correlation with grain yield (0.378, 0.367) at both genotypic and phenotypic levels. While, negative non-significant direct correlation was observed between grain yield with days to 50% flowering and plant height at both level but flag leaf width with only genotypic level. Similar negative correlation was also reported by Chaudhary and Das (1998) and Shanthi and Singh (2001) . The genetic reasons for this type of negative association may be linkage or pleiotropy. According to NeWall and Eberhart (1961) when two characters show negative phenotypic and genotypic correlation it would be difficult to exercise simultaneous selection for these characters in the development of a variety. Hence, under such situations, judicious selection programme might be formulated for simultaneous improvement of such important developmental and component characters.
When characters having direct bearing on yield are selected, their associations with other characters are to be considered simultaneously as this will indirectly affect yield. Significant positive correlations at both the levels were recorded for plant height with flag leaf length and panicle length; harvest index with number of tillers per hill, number of spikelets per plant, number of panicles per plant and flag leaf length with number of spikelets per panicle. However, number panicle per plant with flag leaf length, flag leaf width, biological yield; and harvest index with flag leaf length showed positive estimates but significant at genotypic level. Kole et al. (2008) also obtained the same association between plant height with panicle length and Ganesan et al. (1998) reported harvest index with panicles/plant, panicle length, grains/panicle and 100 grain weight.
The results of correlation coefficients implied that significant indirect negative correlations at both the levels were recorded for panicle length with number of tillers per hill, number of panicle per plant, flag leaf width, harvest index and biological yield with harvest index and test weight with number of spikelets per panicle. Some traits showed negative indirect effect to seed yield but significant at only genotypic level i.e. flag leaf width with harvest index, plant height and number of panicle per plant with days to 50% flowering, test weight. The overall results indicated that selection of higher panicle number, test weight with a reasonable balance for moderate spikelet number would particularly encourage the breeders to achieve higher grain yield. These results are in conformity with Nayak et al. (2001) , Hasib and Kole (2004) and Khedikar et al. (2004) . Shrivastava and Sharma (1976) suggested that only direct yield components should be used for path analysis. Similar results of yield per plant with harvest index were reported by Ganesan et al. (1998) and Chaturvedi et al. (2008) ; with panicle length by Kishor et al. (2008) ; with test weight by Chaturvedi et al. (2008) and with harvest index, panicle length and 100 grain weight Chakraborty et al. (2010) . The dimensions of residual effect were very low, which indicated the consideration of most of the yield contributing characters. Moreover, majority of values were less than unity, which indicated that inflation due to multicolinearity was minimal (Gravois and Helms 1992) .
Conclusion
From the correlation and path study it may be concluded that the harvest index, number of tillers per hill, panicle length, number of spikelet per panicle and test weight are the most important characters that contributed directly to seed yield per hill. Thus a genotype with higher magnitude of these traits could be either selected from existing genotypes or evolved by breeding program for genetic improvement of yield in rice.
